A study of the faecal microbiome in three healthy female rhesus macaques revealed the presence of a novel obligately anaerobic, chemoorganoheterotrophic, non-sporing, coccoid, nonmotile, Gram-stain-positive bacterial species. Three strains of this species, designated as M108 T , M916-1/1, and M919-2/1, were non-haemolytic, H 2 S-positive, catalase-positive, bile-and NaClsensitive and required peptone for growth. Strains also were asaccharolytic, able to utilize sulfite, thiosulfate and elemental sulfur as electron acceptors, and produced acetic and butyric acids as metabolic end-products. Strain M108
The genus Peptococcus was originally described in 1930 when I. C. Hall isolated and characterized anaerobic Gram-stainpositive cocci from human urine which he named Micrococcus niger (Hall, 1930) . The genus was later renamed as Peptococcus by Kluyver & van Niel (1936) . Due to the loss of the original type strain, Wilkins et al. (1975) re-isolated from human navels several strains of anaerobic cocci which in all respects conformed to the original description of Peptococcus niger given by Hall. The same authors provided an emended description of the genus Peptococcus and species P. niger, and established the neotype strain ATCC 27731 T (=JCM 6506 T =DSM 20475 T ). Until recently, P. niger remained the only representative species of the genus Peptococcus. The family Peptococcaceae was proposed in 1971 (Rogosa) to include Gram-positive anaerobic cocci of the genera Peptococcus, Peptostreptococcus and Ruminococcus. However, after the introduction of modern polyphasic taxonomy, the family has undergone significant rearrangements. At the time of writing, it comprises 14 genera of anaerobic, mesophilic or moderately thermophilic, mostly chemoorganoheterotrophic or chemolithoheterotrophic, mostly rod-like bacteria, with fermentative or respiratory energy metabolism, and capable of utilizing sulfate, thiosulfate, fumarate, or Fe 3+ as electron acceptors (Ezaki, 2009) . Representatives of this family were isolated from a number of different environments, including anaerobic bioreactors [Pelotomaculum propionicicum (Imachi et al., 2007) , Desulfotomaculum peckii (Jabari et al., 2013) ], sewage water [Cryptanaerobacter phenolicus (Juteau et al., 2005) ], aquatic sediments [Desulfitispora alkaliphila (Sorokin & Muyzer, 2010) , Desulfosporosinus acididurans (S anchezAndrea et al., 2015)], hydrothermal springs [Thermincola ferriacetica (Zavarzina et al., 2007) ], and soil. So far P. niger has remained the only representative of the family associated with a mammalian host (isolated from human intestine, vagina and umbilicus).
During an ongoing culture-based study of faecal microbiota in rhesus macaques (Macaca mulatta) three strains of strictly anaerobic, Gram-stain-positive bacteria were isolated that could not be positively identified to a species level using matrix-assisted laser desorption/ionization time-offlight (MALDI-TOF) mass-spectrometry and 16S rRNA gene sequencing. Strains were designated as M108 T , M916-1/1 and M919-2/1 and all shared 96 % identity with P. niger ATCC 27731
T in their 16S rRNA gene sequence. The goal of the current study was to determine the taxonomic position of these strains using a combination of chemotaxonomic and genetic approaches.
Faecal samples were collected from three healthy female rhesus macaques (animal IDs: R04110/3, 9 years old; R13027/16, 10 years old; 94077/29, 19 years old) at Biomedical Primate Research Center (Rijswijk, The Netherlands). The samples were homogenized in 15 % glycerol medium and frozen at À70 C until bacteriological analysis. Thawed faecal samples were serially diluted and spread onto Clostridium perfringens TSC agar (Himedia). Plates were incubated anaerobically (in atmosphere of 85 % N 2 , 10 % H 2 , 5 % CO 2 ) at 37 C for 72 h in anaerobic jars (Schuett-Biotec). Well-isolated H 2 S-positive colonies (black on TSC agar) were picked and streaked out several times to obtain pure cultures on Columbia agar (Himedia) supplemented with 5 % (v/v) defibrinated horse blood. Cultures were incubated at 37 C for 48-72 h. Strains M108 T , M916-1/1 and M919-2/1 were isolated from faeces of the three rhesus macaques at approximate concentrations of 1.8Â10 5 , 4.0Â10 4 and 6.0Â10 4 c.f.u g
À1
, respectively.
Susceptibility of the strains to 0-4 % (w/v) NaCl was tested in Columbia broth inoculated from fresh agar cultures by visually assessing growth after incubation for 48 h at 37 C. Sensitivity to native bovine bile 0-30 % (v/v) was performed by monitoring growth on Columbia agar for up to 7 days. Cell motility was tested in 0.25 % (w/v) agar stabs. The ability to utilize electron donors and electron acceptors was studied using growth experiments in tryptone soya agar (TSA; Oxoid) or low-sulfur basal agar described by Jabari et al. (2013) supplemented with either Na 2 SO 3 (20 mM), Na 2 S 2 O 3 (20 mM), Na 2 SO 4 (20 mM), elemental sulfur (1 % w/v), NaNO 3 (20 mM), FeCl 3 (1 mM), taurine (10 mM), glucose (2.5 g l , BD BBL). Production of H 2 S was detected as the formation of black colonies on agar media supplemented with 0.02 g l
FeSO 4 . Physiological properties and enzyme profiles were determined using API 20A and Rapid ID 32A identification systems (bioM erieux) according to the manufacturer's instructions. Cell morphology was observed under a Zeiss Axio Scope A1 light microscope at Â1000 magnification after Gram-staining and at Â400 magnification in phase-contrast mode for live cells, with cells grown for 48 h at 37 C on Columbia blood agar. Colony morphology was examined using Zeiss Stemi 2000C stereo microscope.
Organic acid metabolites were determined in Columbia broth culture (72 h) supernatants using HPLC. Metabolites were separated on a Knauer HPLC system equipped with Inertsil ODS-3 5 µm column (4.6Â250 mm, GL Sciences) at 35 C and 1 ml min À1 speed, with 20 mM H 3 PO 4 used as the eluent. Fractions were detected by absorbance at 210 nm, and identified using analytical standards (Sigma-Aldrich). Cellular fatty acids, polar lipids, respiratory quinones and DNA base composition analyses were performed on cultures grown at 37 C in chopped meat broth with carbohydrates (DSMZ medium 110, https://www.dsmz.de/microorganisms/medium/pdf/ DSMZ_Medium110.pdf) by the Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ; Braunschweig, Germany). A detailed description of the analysis methods is available at the DSMZ website (https://www.dsmz.de/services/ services-microorganisms/identification.html).
Genomic DNA was extracted using a ZR Fungal/Bacterial DNA MiniPrep kit (Zymo Research). Fragments of the 16S rRNA gene (corresponding to nucleotide positions 8-1492 in Escherichia coli) were amplified by PCR with primer pair Bact8F/Bact1492R (Turner et al., 1999) . Reactions were performed in 50 µl volumes and contained 2 U Taq polymerase (Sibenzyme), an appropriate reaction buffer, 2.5 mM MgCl 2 , 0.2 mM of each dNTP, 0.25 µM of each primer and 50 ng bacterial genomic DNA. The PCR was carried out using the following program: 95 C for 2 min, followed by 30 cycles of 94 C for 20 s, 50 C for 20 s and 72 C for 60 s. PCR products were purified and sequenced from both ends.
Nucleotide sequence searches were performed using the blastn algorithm. Phylogenetic analysis based on 16S rRNA gene fragment sequences was performed with the neighbour-joining algorithm using MEGA 6 software (Tamura et al., 2013) after multiple alignment of sequences by MUSCLE (Edgar, 2004) . Tree topologies were evaluated by a bootstrap analysis using 1000 re-samplings of the sequences (Felsenstein, 1985) . The evolutionary distances in the neighbour-joining algorithm were computed using the Tamura-Nei substitution model (Tamura & Nei, 1993) . All positions containing gaps and missing data were eliminated.
Strains M108
T , M916-1/1 and M919-2/1 comprised obligately anaerobic, non-sporing, non-motile, Gram-stainpositive cocci. In Gram-stained smears from Columbia blood agar, cells were 0.7-0.9 µm in diameter and occurred singly, in pairs, in short chains, and irregular masses. In non-fixed smears observed under phase-contrast microscopy, cells were 1.1-1.4 µm in diameter and occurred mostly singly and in pairs (Fig. S1 , available in the online Supplementary Material). Minute colonies (0.1-0.2 mm) were visible on Columbia blood agar after incubation for 48 h at 37 C. After 7 days, colonies were 0.25-0.55 mm in size, circular with entire margins, convex, smooth, light grey, translucent, shiny and non-haemolytic. After prolonged incubation on Columbia blood agar, colonies adopted a pale yellow-brown colour. Strong growth stimulation and formation of larger black colonies (1.3-1.9 mm in diameter after 120 h incubation) was achieved after supplementation of Columbia blood agar with 10-20 mM Na 2 SO 3 . Exposure to air caused colonies to loose the black colour. In Columbia broth, growth in a form of slight turbidity was visible after 48 h incubation at 32-42 C, but not at 25 C or 45 C. Growth of strain M919-2/1 was completely inhibited by 4 % (w/v) NaCl, while strains M108
T and M916-1/1 could tolerate up to 4 % NaCl. On Columbia agar supplemented with 5 % bile (v/v), poor growth was visible after 72 h at 37 C. No growth was visible with 10 % bile. However, after prolonged incubation (7 days), minute black-pigmented colonies were observed on 5-20 % bile, but not on 30 % bile.
Using API 20A and Rapid ID 32A tests, all three strains were negative for aesculinase, cytochrome oxidase and nitrate reductase. Urease and gelatinase activities were also negative. Indole was not produced. Hydrogen sulfide was produced by all three strains. Catalase activity was found in strains M108
T and M919-2/1, but not in strain M916-1/1. With the exception of catalase activity, all other reactions in API 20A and Rapid ID 32A were negative for all three strains (Table S1 ). The observed morphological and physiological characteristics of the three strains are similar but not identical to those previously reported for P. niger (Wilkins et al., 1975; Murdoch & Mitchelmore, 1991) .
Results of growth experiments using TSA and low-sulfur basal agar suggested that Na 2 SO 3 , Na 2 S 2 O 3 , taurine and elemental sulfur, but not Na 2 SO 4 , NaNO 3 and FeCl 3 can be used as electron acceptors by all three strains, with Na 2 SO 3 consistently showing strongest growth stimulation. When glucose, starch, ethanol, butanol and sodium pyruvate were tested as electron donors in basal medium containing Na 2 SO 3 , no growth could be seen for all three strains. However, supplementation of basal medium with peptone and especially with peptone/beef extract mixture in the presence of Na 2 SO 3 produced visible growth. This suggests that either amino acids and other organic substrates present in peptone are used as electron donors, or that strains are unable to grow on peptone-free media due to auxotrophy. Therefore additional efforts will be required in the future to develop a suitable basal medium and to determine the spectrum of electron donors in the novel strains. Our observations are generally in accordance with previously published data on P. niger which was found to be stimulated by pyruvate, Na 2 SO 3 , steroid-3-sulfate esters, and taurine, but not by Na 2 SO 4 , NaNO 3 , sugars or amino acids including L-cysteine (Van Eldere et al., 1987) . Similarly to P. niger, the major metabolic end-products of strains M108
T , M916-1/1 and M919-2/1 grown in Columbia broth were acetic and butyric acids. However, the absence of isobutyric, isovaleric and caproic acids separates these strains from P. niger. Minor amounts of lactic, succinic and valeric acids were also detected. The composition of cellular fatty acids in strain M108
T was completely different from that of P. niger DSM 20475
T . Predominant cellular fatty acids (>10 % of total fatty acid content) in strain M108
T included C 14 : 0 (11.0 %), C 16 : 0 (28.5 %), and C 18 : 1 !9cis dimethyl acetal (DMA) (18.6 %), while P. niger DSM 20475 T contained iso-C 15 : 0 DMA, iso-C 17 : 0 , iso-C 17 : 0 3-OH, C 18 : 2 DMA, iso-C 19 : 0 and an unknown fatty acid (Table S2 ). The predominant menaquinone in both strain M108 T and P. niger DSM 20475 T was MK-10 (96 and 94 % of total menaquinone content, respectively). The predominant polar lipids in strain M108
T were phosphatidylglycerol and diphosphatidylglycerol (cardiolipin). Minor amounts of non-identified phospholipids and aminolipids were also present (Fig. S2) . The G+C content of strain M108
T was 51 mol% which is similar to P. niger (50-51 mol%), and fits into the G+C range of the family Peptococcaceae (37.5-56.3 mol%).
Phylogenetic analysis was performed using 1425 bp 16S rRNA gene fragment (positions 47-1487; E. coli numbering system) and showed that strain M108
T represents a close relative of P. niger JCM 6506 T (96 % sequence similarity; Fig. 1 ). More distantly related taxa within the family Peptococcaceae included Desulfonispora thiosulfatigenes GKNTAU T (87 % 16S rRNA gene sequence similarity), Desulfitispora alkaliphila AHT17 T (85 %), Desulfosporosinus orientis DSM 765 T (84 %) and Desulfitobacterium dehalogenans ATCC 51507 T (84 %).
In summary, the new group of strains (M108 T , M916-1/1 and M919-2/1) differs from the phylogenetically neighbouring species P. niger by cell morphology, culture characteristics, composition of metabolic end-products, composition of predominant cellular fatty acids and nucleotide sequence of the 16S rRNA gene. On the basis of phenotypic and genotypic properties of the strains, we conclude that these strains represent a novel species of the genus Peptococcus, for which the name Peptococcus simiae sp. nov. is proposed. The main differential properties of Peptococcus simiae sp. nov. in comparison with P. niger are given in Table 1 . Antibiotic susceptibility profiles of the strains are given in Table S3 . An emended description of the genus Peptococcus is also provided.
Emended description of the genus Peptococcus
The description is as given by Ezaki (2009) Description of Peptococcus simiae sp. nov.
Peptococcus simiae (si¢mi.ae. L. gen. n. simiae of a monkey).
Cells are coccoid, 1.1-1.4 µm in diameter, occur singly, in pairs, in short chains and in irregular masses, and are (Rogosa, 1971; Wilkins et al., 1975; Van Eldere et al., 1987; Murdoch & Mitchelmore, 1991) . Both species had a non-fermentative metabolism, and contained MK-10 as the predominant menaquinone (menaquinone determined only for type strains). +, Positive; À, negative; V, variable; s/a/p/b/ib/v/iv/l/c, fermentation end products (succinic, acetic, propionic, butyric, isobutyric, valeric, isovaleric, lactic and caproic acids, respectively; capital and small letters indicate major and minor products, respectively); DMA, dimethyl acetal. sensitive to bovine bile. Colonies on Columbia blood agar develop slowly and are 0.25-0.55 mm in diameter after incubation for 7 days at 37 C. Colonies are circular with entire margins, convex, smooth, grey, translucent, shiny and non-haemolytic. Growth is strongly stimulated by sodium sulfite. Peptone is required for growth. Aesculin is not hydrolysed. Indole, cytochrome oxidase, nitrate reductase and urease are not produced. Gelatin is not digested. Acid production is negative from all carbohydrate substrates tested. Catalase is produced by some strains. Using the API 20A test kit, catalase reaction is variable while all other tests are negative. All reactions in the Rapid ID 32A test system are negative. The major cellular fatty acids are C 14 : 0 , C 16 : 0 , and C 18 : 1 !9cis DMA.
The type strain is M108 T (=DSM 100347 T =VKM B-2932 T ), and was isolated from rhesus macaque faeces. The DNA G+C content of the type strain is 51.0 mol%.
